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The present invention relates to lead-free alloys 
for use in soldering. More particularly, the present 
invention relates to a lead-free solder composition 
comprising tin, zinc, indium and bismuth. 

Different solder compositions have unique 
characteristics which make them suitable for par- 
ticular applications. Two characteristics of a solder 
which are important to its use are melting tempera- 
ture and melting range. 

Melting temperature is one of the most impor- 
tant characteristics of a solder. The solder chosen 
for a particular use should have a low enough 
melting temperature that the melted solder does 
not damage any temperature-sensitive components 
that are to be joined. However, the melting tem- 
perature should aJso be high enough that the joint 
formed will not be affected by the operating tem- 
perature of the device or by subsequent soldering 
operations. In modern electronic applications, the 
temperature sensitivity of microelectronic compo- 
nents requires the use of solders at relatively low 
temperatures. In comparison, solders for joining 
and sealing pipes in plumbing operations are gen- 
erally applied at much higher working temperatures 
because the components are not so temperature 
sensitive. 

Another important characteristic of a solder is 
melting range. Pure elemental metals have a melt- 
ing point. Most alloys, however, with the exception 
of eutectic compositions, melt over a range of 
temperatures. The alloy begins to melt at a tem- 
perature called the solidus but is not completely 
liquid until it reaches a higher temperature called 
the liquidus. The range between the solidus and 
the liquidus is referred to as the phase transforma- 
tion range or "pasty" range. At temperatures within 
the "pasty" range, the alloy contains a mixture of 
solid and liquid phases containing different metal 
compositions. The solid phase contains higher 
melting point components and the liquid phase 
lower melting point components. Separation of the 
two components, called liquation, can alter the 
chemical composition of the alloy and the physical 
characteristics of the resulting joint. 

Liquation can be particularly problematic in 
automated soldering operations in which compo- 
nents, such as circuit boards, are transported by a 
conveyer belt through the soldering apparatus. 
After the solder has been applied by a process 
such as a wave soldering, the conveyor carries the 
components into a cooling zone. As the soldered 
joints cool, the solder solidifies. If a solder with a 
large "pasty" range is used, then parts of the 
soldered joint will begin to solidify while some of 
the solder remains liquid. Vibration from the con- 
veyor belt will then tend to separate the two metal 
phases. The vibration and liquation may disrupt the 
crystallization of the solder. The disrupted joint 



may be physically weakened and conduct elec- 
tricity poorly or not at ail resulting in a circuit which 
is prone to failure or completely non-functional. In 
such applications, it is much preferable to use a 
5 eutectic solder or a solder with a small "pasty" 
range. 

Solders with small "pasty" ranges are also 
important in certain "step-soldering" operations 
where components are added to a device sequen- 

io tially. These operations are also dependent upon 
solders with specific melting temperatures. In step 
soldering, the first components are joined using a 
relatively high melting temperature solder. When 
later components are joined, a lower melting tem- 

75 perature solder is used so that the earlier-soldered 
joints are not affected by the soldering operation. 
Further components may then be added using sol- 
der with an even lower melting temperature. The 
availability of solders with different melting points is 

20 critical to such step-soldering processes. It is also 
important, if several soldering steps are to be per- 
formed, for the melting ranges of the solders to be 
small. 

Several solders are in common use in auto- 
25 mated soldering operations. SN63 composed of 
63% tin and 37% lead, is a eutectic alloy which 
melts precisely at 183* C. SN62 composed of 62% 
tin, 2% silver and 36% lead is a near eutectic alloy 
with a melting temperature of 179*C. SN60 com- 
30 posed of 60% tin and 40% lead has a solidus 
temperature of 183* C and a liquidus temperature 
of 188* C giving it a "pasty" range of 5*C. These 
solders are defined in Federal Specification QQ-S- 
571 E Interim Amendment 5 (ER) 28 December 
35 1989 (hereinafter "Federal Specification QQ-S- 
571 E"). These solders have good characteristics 
for automated soldering. However, they suffer from 
the disadvantage that they contain lead. 

Lead is known to have toxic effects. For this 
40 reason, rigorous limitations have been imposed 
upon the use of lead and lead-containing composi- 
tions. These limitations upon the use of lead-con- 
taining solders are most stringent in connection 
with plumbing where, until recently, the most popu- 
45 far plumbing solder was Sn50Pb50 which com- 
prises 50% lead and 50% tin. Recent federal legis- 
lation banned the use of lead-containing solders in 
potable water systems forcing plumbers to stop 
using Sn50Pb50 and turn to lead-free solders, 
so Although plumbing is the most vivid example, 
other uses of lead-containing solders are also regu- 
lated. The United States Occupational Safety and 
Health Administration ("OSHA") has established a 
complex and extensive lead standard which regu- 
55 lates the permissible lead concentration in the air in 
the work place. In situations that result in high 
levels of lead in the air, OSHA regulations have 
strict requirements for minimizing employee expo- 
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sure. Although most situations in which lead-con- 
taining solders are used do not produce lead con- 
centrations high enough to trigger the OSHA stan- 
dards, it is possible that stricter limitations upon the 
use of lead in solder might be imposed. Even in 
the absence of such regulations, reducing employ- 
ee exposure to lead is still desirable. It would, 
therefore, be desirable to reduce the dependence 
upon lead-containing solders for certain applica- 
tions by providing lead-free alternative solders. 

It would also be desirable to provide lead-free 
solder compositions with relatively low melting tem- 
peratures suited to the assembly of electronic com- 
ponents. 

It would further be desirable to provide lead- 
free solder compositions with relatively small "pas- 
ty" ranges suitable for use in automated soldering 
operations. 

ft would also be desirable to provide lead-free 
solder compositions which can replace currently 
used lead-containing solders such as SN63, SN62 
and SN40. 

It is an object of this invention to provide a 
solder composition for joining and sealing which is 
less toxic than common lead-containing solders. 

It is a further object of this invention to provide 
lead-free solder compositions with relatively low 
melting temperatures suited to the assembly of 
electronic components. As used in the specification 
and claims, "lead-free" means that the lead content 
of the composition does not exceed the percentage 
of lead permitted as an impurity by the Federal 
Specification QQ-S-571E at paragraph 3.2.1.1.1. 

It is still further an object of this invention to 
provide lead-free solder compositions with rela- 
tively small "pasty" ranges suited for use in auto- 
mated soldering operations. 

It is also an object of this invention to provide a 
lead-free solder which can replace currently used 
lead-containing solders such as SN63, SN62 and 
SN60. 

In accordance with the present invention there 
are provided substantially lead-free solders com- 
prising tin, zinc, indium and bismuth. The above 
and other objects and advantages of the present 
invention will be apparent upon consideration of the 
following detailed description. 

Applicants have found that compositions com- 
prising tin, zinc, indium and bismuth are suitable 
for electronic soldering operations. In light of ap- 
plicant's objective to provide lead-free substitute 
for SN63, SN62 and SN40, the preferred alloys are 
those with melting temperatures at about or below 
190*C and with a relatively small "pasty" range. 

In one embodiment of the invention the com- 
position comprises from about 82% to about 90% 
by weight tin, from about 4.5% to about 6% by 
weight zinc, from about 3.5% to about 6% by 



weight indium and from about 1.0 to 5.0% by 
weight bismuth. The preferred alloys comprise a 
greater or equal percentage by weight of zinc com- 
pared to indium and a greater or equal percentage 
s by weight of indium compared to bismuth. A par- 
ticular preferred composition is 86.5% by weight 
tin, 5.5% by weight zinc, 4.5% by weight indium 
and 3.5% by weight bismuth. 

The high percentage of tin in this alloy is an 
w advantage over previously known lead-free solders 
with similar melting temperatures. The high tin con- 
tent imparts good wettability and mechanical prop- 
erties to the alloy. These combined with the melt- 
ing characteristics of the alloy make the alloy par- 
ts ticularly suitable for electronic soldering applica- 
tions. 

The alloy compositions of the present invention 
can be prepared by techniques well known in the 
art. For example, measured (by weight) amounts of 

20 tin, zinc, indium and bismuth can be placed in a 
heating vessel. These metals can then be melted 
together using any conventional melting technique. 
When the metals have been heated to a tempera- 
ture at which all the material is liquid, the mixture 

25 can be allowed to cool and cast into a suitable 
mold. After cooling, the alloy can be fabricated into 
suitable shapes such as rods and the like. 

The following alloys were prepared and present 
illustrative but non-limiting embodiments of the 

30 present invention. Unless otherwise indicated in the 
examples and elsewhere in the specification and 
claims, all parts and percentages are by weight. 
The properties of the alloys were determined using 
differential scanning calorimetry instrumentation. 

35 The instrument traces a curve of the temperature 
of the sample as a function of its heat energy - a 
dip in the curve indicating the melting point or 
range of the sample. A sharp slope and narrow 
width to this dip indicates a smaJI "pasty" range 

40 and is desirable for potentially useful solders. 

The following embodiments illustrate the gen- 
eral rule describing the composition of the pre- 
ferred embodiments, in which the alloys comprise 
a greater or equal percentage by weight of zinc 

45 compared to indium and a greater or equal per- 
centage by weight of indium compared to bismuth. 

Example 1 

50 An alloy with the composition 82% tin, 6% 

zinc, 6% indium and 6% bismuth has the following 
properties: solidus 177'C; liquidus 185 # C; and 
"pasty" range 8'C. 

55 Example 2 

An ailoy with the composition 83% tin, 6% 
zinc, 6% indium and 5% bismuth has the following 
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properties: solidus 180'C; liquidus 186 *C; and 
"pasty" range 6*C. 

Example 3 

An alloy with the composition 84% tin, 6% 
zinc. 5.5% indium and 4.5% bismuth has the fol- 
lowing properties: solidus 181 *C; liquidus 187*C; 
and "pasty" range 6 # C. 

Example 4 

An alloy with the composition 84% tin, 6% 
Zinc, 5% indium and 5% bismuth has the following 
properties: solidus 182 # C; liquidus 188'C; and 
"pasty" range 6* C. 

Example 5 

An alloy with the composition 85% tin, 6% 
zinc, 5% indium and 4% bismuth has the following 
properties: solidus 183*C; liquidus 188 # C; and 
"pasty" range 5*C. 

Example 6 

An alloy with the composition 85% tin, 5% 
zinc, 5% indium and 5% bismuth has the following 
properties: solidus 180*C; liquidus 186 'C; and 
"pasty" range 6 * C. 

Example 7 

An alloy with the composition 86.5% tin, 5.5% 
zinc, 4.5% indium and 3.5% bismuth has the fol- 
lowing properties: solidus 185*C; liquidus 188'C; 
and "pasty" range 3*C. 

Example 8 

An alloy with the composition 88% tin, 6% 
zinc, 5% indium and 1 % bismuth has the following 
properties: solidus 188*C; liquidus 191 'C; and 
"pasty" range 3*C. 

Example 9 

An alloy with the composition 88% tin, 5% 
zinc, 4% indium and 3% bismuth has the following 
properties: solidus 185*C; liquidus 188'C; and 
"pasty" range 3'C. 

Example 10 

An alloy with the composition 90% tin, 5% 
zinc, 4% indium and 1% bismuth has the following 
properties: solidus 190'C; liquidus 192 'C; and 
"pasty" range 2'C. 



As determined from the above examples, the 
alloys exhibiting the best melting characteristics 
comprise percentages of the component metaJs 
comprising a greater or equal percentage by 

5 weight zinc compared to indium and a greater or 
equaJ percentage by weight of indium compared to 
bismuth. Applicants have in addition determined 
that the compositions shown below in examples 1 1 
and 12. while varying slightly from this general rule. 

io nevertheless exhibit satisfactory melting character- 
istics. 

Example 1 1 

75 An alloy with the composition 86.5% tin, 5.5% 

zinc, 3.5% indium and 4.5% bismuth has the fol- 
lowing properties: solidus 183'C; liquidus 189 *C; 
and "pasty" range 6 • C. 

20 Example 12 

An alloy with the composition 86.5% tin, 4.5% 
zinc, 5.5% indium and 3.5% bismuth has the fol- 
lowing properties: solidus 180 'C; liquidus 186 'C; 
25 and "pasty" range 6 • C. 

Applicant's investigations indicate that in addi- 
tion to the above described general rule, alloys 
should also comprise at least about 4.5% by 
weight zinc in order to obtain satisfactory melting 
30 characteristics. 

The following alloys were prepared and exhibit 
poor melting characteristics: 

86.5%Sn, 3.5%Zn, 5.5%ln & 4.5%Bi; 
86.5%Sn, 3.5%Zn, 4.5%ln & 5.5%Bi; 
35 86.5%Sn. 4.5%Zn, 3.5%!n & 5.5%Bi; 

88%Sn, 4%Zn, 4%ln & 4%Bi; 
90%Sn, 4%Zn. 3%ln & 3%Bi; 
91%Sn, 3%Zn, 3%ln & 3%Bi. 
Although the preferred alloys have been de- 
40 scribed with regard to their utility for soldering of 
electronic components they can be used in many 
of the applications for which solders are used. The 
low melting points of these solders make them 
particularly useful where temperature sensitive ele- 
45 ments are to be joined or sealed. 

While the invention has been explained in rela- 
tion to its preferred embodiments, it is to be under- 
stood that various modifications thereof will be- 
come apparent to those skilled in the art. The 
so foregoing disclosure is not intended or to be con- 
strued to limit the present invention, or to otherwise 
exclude any such other embodiments, adaptations, 
variations and equivalent arrangements, the present 
invention being limited only by the claims appen- 
55 ded hereto and the equivalents thereof. 
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Claims 

1. A lead-free alloy comprising at least about 
82% by weight tin, at least about 4.5% by 
weight zinc, at least about 3.5% by weight 5 
indium but not more than about the percentage 

by weight of zinc, and at least about 1% by 
weight bismuth but not more than about the 
percentage by weight of indium. 

w 

2. The lead-free alloy of claim 1 comprising not 
more than about 6% by weight zinc. 

3. The lead-free alloy of claim 2 comprising about 
82% by weight tin, about 6% by weight zinc, 15 
about 6% by weight indium and about 6% by 
weight bismuth. 

4. The lead-free alloy of claim 2 comprising about 
83% by weight tin, about 6% by weight zinc, 20 
about 6% by weight indium and about 5% by 
weight bismuth. 



12. The lead-free alloy of claim 2 comprising about 
90% by weight tin, about 5% by weight zinc, 
about 4% by weight indium and about 1% by 
weight bismuth. 

U A lead-free alloy comprising from about 82 % 
to about 90% by weight tin, from about 4.5% 
to about 6% by weight zinc, from about 3.5% 
to about 6% by weight indium and from about 
1 .0 to 5.0% by weight bismuth. 

14. The lead-free alloy of claim 13 comprising 
about 86.5% by weight tin, about 5.5% by 
weight zinc, about 3.5% by weight indium and 
about 4.5% by weight bismuth. 

15. The lead-free alloy of claim 13 comprising 
about 86.5% by weight tin, about 4.5% by 
weight zinc, about 5.5% by weight indium and 
about 3.5% by weight bismuth. 



5. The lead-free alloy of claim 2 comprising about 

84% by weight tin, about 6% by weight zinc, 25 
about 5.5% by weight indium and about 4.5% 
by weight bismuth. 



6. The lead-free alloy of claim 2 comprising about 
84% by weight tin, about 6% by weight zinc, 30 
about 5% by weight indium and about 5% by 
weight bismuth. 



7. The lead-free alloy of claim 2 comprising about 

85% by weight tin, about 5% by weight Zinc, 35 
about 5% by weight indium and about 5% by 
weight bismuth. 



8. The lead-free alloy of claim 2 comprising about 

85% by weight tin, about 6% by weight zinc, 40 
about 5% by weight indium and about 4% by 
weight bismuth. 



9. The lead-free alloy of claim 2 comprising about 
86.5% by weight tin, about 5.5% by weight 45 
zinc, about 4.5% by weight indium and about 
3.5% by weight bismuth. 



10. The lead-free alloy of claim 2 comprising about 
88% by weight tin, about 6% by weight zinc, 50 
about 5% by weight indium and about 1% by 
weight bismuth. 

11. The lead-free alloy of claim 2 comprising about 
88% by weight tin, about 5% by weight zinc, 55 
about 4% by weight indium and about 3% by 
weight bismuth. 
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